Deep ocean environments are almost completely dark; yet light is still important in these environments. Many marine species are able to produce "living light" through a process known as bioluminescence, but very little is known about specific ways that deep-sea organisms use this ability. Part of the problem is that these organisms are difficult to observe: turning on bright lights can cause mobile animals to move away, and may permanently blind lightsensitive sight organs. In addition, transparent and camouflaged organisms may be virtually invisible even with strong lights, and many types of bioluminescence can't be seen under ordinary visible light. Overcoming these obstacles is a primary objective of the Bioluminescence 2009: Living Light on the Deep Sea Floor Expedition.
Like the 2004 and 2005 Ocean Exploration Deep Scope Expeditions
(http://oceanexplorer.noaa.gov/explorations/04deepscope/welcome. html and http://oceanexplorer.noaa.gov/explorations/05deepscope/ welcome.html), Bioluminescence 2009 will use advanced optical techniques to observe animals under extremely dim light that may reveal organisms and behaviors that have never been seen before. In addition, these techniques will allow scientists to study animals whose vision is based on processes that are very different from human vision.
These techniques are based on a number of basic concepts related to the production of light by chemical reactions, a process known as chemiluminescence. When these reactions occur in living organisms, the process is called bioluminescence. A familiar example is the bioluminescence of fireflies; another is "foxfire," which is caused by bioluminescence in fungi growing on wood. Bioluminescence is relatively rare in terrestrial ecosystems, but is much more common in the marine organisms including bacteria, algae, cnidarians, annelids, crustaceans, and fishes.
Investigating the role of bioluminescence in the deep-sea benthic ecosystems involves the basic properties of light in seawater, as well as different ways in which certain forms of light may be perceived by living organisms. "Light" is usually defined as the portion of the electromagnetic spectrum that is visible to the normal human eye, but since the Bioluminescence 2009 Expedition is concerned with eyes other than human ones, we need a broader definition. It is helpful to think of light as a series of waves that consist of energy in the form of electric and magnetic fields that together are known as electromagnetic radiation. These waves can have many different wavelengths (the distance between any two corresponding points on successive waves, such as peak-to-peak or trough-to-trough), so they form a spectrum of wavelengths. The full range of wavelengths in the electromagnetic spectrum extends from gamma rays that have wavelengths on the order of one billionth of a meter, to radio waves whose wavelengths may be several hundred meters. The wavelength of light visible to humans ranges from 400 billionths of a meter (violet light) to 700 billionths of a meter (red light), but we know that some organisms are able to detect light wavelengths outside these limits.
The amount of energy in a light wave is related to its wavelength: shorter wavelengths have higher energy than longer wavelengths. In the portion of the electromagnetic spectrum visible to humans, violet has the most energy and red the least. In seawater, light waves with more energy travel farther than those with less energy. Warm colors such as red and orange are absorbed fairly near the surface, so red objects appear black at depths greater than 10 meters. In clear ocean water, visible light decreases by about 90% with every 75 m increase in depth (so at 150 m depth, there is only 1% of the visible light present at the surface). Deep-sea environments below 1,000 m appear almost completely dark to humans; yet vision and "light" are still important to many of the organisms that live in these environments.
This lesson guides student inquiry into an investigation of bioluminescence and color in deep-sea ecosystems, and provides direct experience with interpreting scientific literature. 3. Tell students that their assignment is to conduct an inquiry into an investigation of bioluminescence and color in deepsea ecosystems, and provide each group with a copy of the "Bioluminescence and Color Camouflage Inquiry Guide." You may also want to provide copies of the technical article cited in the Inquiry Guide, or leave this to students to download on their own. 
B. Experiment
Under ordinary room light or daylight, Figure 1 does not look like good camouflage coloration, since the red-spotted crab is clearly visible against the gray-spotted background. Under blue and green light, however, the red spots seem to lose their color, because the blue and green filters remove any red light that could be reflected to the observer's eyes. The point here is that the effectiveness of color as camouflage depends a great deal on the color of light illuminating an organism and its surroundings, and the ability of observers (including predators) to perceive differences between the organism's color and that of its surroundings. So, an ideal camouflage coloration for a benthic organism would be colors that reflect the same wavelengths as the organism's surroundings. If the color of the illuminating light changes, then the ideal camouflage color may also change.
C. Analyze and Interpret
(1) The measured reflectance from three mesopelagic shrimp is much less than the predicted ideal reflectance. Assuming that reflectance is important to the survival of the shrimp, the predicted reflectance is far too high.
(2) This suggests that camouflage when the shrimps are illuminated by ambient light may not be as important as camouflage when they are illuminated by bioluminescence. Under bioluminescence the best camouflage would be not to reflect any of the wavelengths making up the light from bioluminescence. (3) According to the introductory paragraphs, most mesopelagic species are either red or black. Since most marine bioluminescence is in the blue to green portions of the visible spectrum, red-colored objects would appear nearly black under bioluminescent illumination. So red and black-colored organisms would reflect little or no light when they are illuminated by bioluminescence. (4) The crab legs strongly reflected light wavelengths above 600 nm. Since most marine bioluminescence is in the 455-577 nm range, the crab legs would appear nearly black under bioluminescent illumination. Similarly, because red light is absorbed within 10 meters of the ocean surface, ambient light in the deep sea contains no red light, so the crab legs would also appear black under ambient illumination.
The BRIDGE Connection
http://www.vims.edu/bridge/ -Type "bioluminescence" in the Search box on the welcome page for links to information and activities related to light producing organisms in the ocean.
The "Me" Connection
Have students write a short essay on, or discuss as a group, how color camouflage plays a role in the lives of students, either as a means of crypsis, or as a means of attracting attention ("reverse camouflage").
Connections to Other Subjects
English/Language Arts, Physical Science, Earth Science
Assessment
Answers to Inquiry Guide questions and group discussions provide opportunities for assessment. In this activity, students explain the role of luciferins, luciferases, and co-factors in bioluminescence and the general sequence of the light-emitting process. Additionally, students discuss the major types of luciferins found in marine organisms, define the "lux operon" and discuss at least three ways that bioluminescence may benefit deepsea organisms. Students give an example of at least one organism that actually receives each of the benefits discussed. In this activity, students will participate in an inquiry activity; relate the structure of an appendage to its function; and describe how a deepwater organism responds to its environment without bright light.
Other Resources
The To See or Not to See
Bioluminescence and Color Camouflage Inquiry Guide -continued
Figure 2:
Predicted ideal reflectance for camouflage of mesopelagic species (dotted line) and measured reflectance (solid lines) of three mesopelagic shrimp species (Systellaspis debilis, Acanthephyra purpurea, and Meningodora sp.) 
